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Abstract

An iterative correction of off-resonance and relaxation artifacts based on ABy and R,* maps is investigated regarding its ability to improve image
quality in radial multi-gradient-echo imaging. In contrast to previously proposed direct approaches, it is shown to achieve an almost complete sup-
pression of these artifacts in simulations. Moreover, the image quality is demonstrated to primarily depend on the resolution of the maps. The avail-
ability of additional information on the spatial distribution of ABy and T»*, for instance from a separate reference scan, therefore appears essential to
permit the use of longer echo trains in radial multi-gradient echo imaging.

Introduction

Radial multi-gradient-echo acquisitions [1,2] are particularly sensitive to off-resonance and relaxation effects, since they sample the central k-space
areaat very different points in time after the excitation. Any inconsistencies in the amplitude or phase of these samples lead to severe image artifacts.
Applying a conjugate phase reconstruction to correct the phase errors caused by off-resonance improves image quality considerably [3]. Incorpor-
ating into it a compensation for the relaxation-induced amplitude errors enhances results further [4]. For echo train lengths of more than five, how-
ever, these direct approachesto a ABy and T,* correction have basically failed to yield a satisfactory image quality in practice so far.

Theory

An appropriate model for the acquired data mis given by
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The first exponential is only included if a T,* correction is attempted. The op- _ ) . )
tional diagonal matrix D serves the compensation for variationsin the sampling 19 1. Data set used in the smulations. Shown are (from left to

density. right) one of the measured images, and the 4B, and Ry* maps
The iterative approaches solve the typically large linear system of equations derived from them.
EMEx=E"m,
for instance with the conjugate gradient method.
Methods

The data set shown in Fig. 1 was used to simulate radial multi-gradient-echo
acquisitions with different echo train lengths. The ABy and Ry* maps were
derived from several radial single-gradient-echo acquisitions with different
echo times.

For both the direct and the iterative approaches a segmentation of time was
employed. In the first case, the number of segments was set equal to the num-
ber of echoes. In the second case, the interpolation proposed in Ref. 5 and a
fixed number of ten segments was selected.

Results

In Fig. 2, results obtained for an echo train length of nine are summarized. The
iterative ABy and T,* correction efficiently eliminates all artifacts, including
the streaking remaining present with the comparable direct approach. Some
artifacts reappear, however, if the spatial resolution of the ABy and Ry* mapsis
reduced ninefold.

Qualitatively similar observations were made for other echo train lengths.

Fig. 2. Results of different reconstructions using (top, from left
to right) the direct approach without, with 4By, and with 4B,
and T,* correction, and (bottom) the iterative approach with
4By and T,* correction. For the last image, the spatial reso-
Discussion and Conclusion Iution of the 4By and R* maps was reduced.

The phantom images demonstrate the principal feasibility of iteratively recon-
structing images free of off-resonance and relaxation artifacts from radial
multi-gradient-echo acquisitions with longer echo trains. At the same time, a Refer ences

derivation of the ABy and Ry* maps from the imaging data entails a decrease in 1. Jakob PM., et al, Proc ISMRM 1996; 388.

the spatial resolution of these maps with increasing echo train length and thus 2. RascheV, et al.. Proc ISVIRM 1996; 1491.

prevents a complete artifact suppression. While a good compromise between 3. Schaeffter T, et al., Proc ISMRM 2003; 207.

fidelity and resolution still has to be found for the maps, an alternative, prob- 4. EggersH, et a., Proc ISMRM 2003; 478.

ably more promising strategy appears to be the separate acquisition of add- 5. Sutton BP, et al., IEEE Trans Med Imaging 2003; 22:178-188.

itional information on the spatial distribution of ABy and T,* for the correction,
for instance in form of areference scan.
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